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a. 

[11*17 ] 7 ^ - F*W$n■C:i•-/^'-7 WSS 
[fll*3B8 ] *&,^§|5i^BXSIJ<!:©ra©^ilft^fS§K>!tffi-r 

Sf:<b<ff^iWio!R?iii?B*5BBis:3nTtj'9. nm 
>tyvvM hwmiicm ima5=&aja$ -a-s c i (c j: ^ 

wimr67 A-mmt ccoy ^-mmic^^x 

KC)!=tLSfS©®KifsrJ*^WiC®?imjS?:3i 
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y^vjiyh (multifilament: h "5 (tew) ?r^t?) * 

10 fa«5^{b©^£l,^<^(CSgb-C^«©Mili>'- h. 

«SliiMI5S{t1t^«f4©M?i*t«:S:^ 3 n t C 6©«S 

«aK:H-rifc©-c**. 

T5 KiSftili (aromatic poiyani1defilament:{^itf :KEVL 

20 AR49) ^=&jgA- U\<^\y\tm.^^Uimm.{t<JM^^ 

Ld^L-c. cne.©*!^^{tffi^i?fm. vnz -^-i/ 
±*. xisfflgpfo^ 7.i!f.-vmsmo 

1^5. ^^c^K, ?^fbiSSiNI©^fflffJ^<tur«, it^^g/i 
tiK:Jg|^*©7^^^>h?:ie^jO/cfe©> Aj:iiL/tt7 
30 ^7^>h4§f5t-+ft«:*f H//c*>©, m m 
^ilSS?&^j:i'©^&<*{ctA:fc©*5$,f), cn^©?li 
{biliNl^v h ^x^ii-jxmmimL-k\'c^i>^ 

ItSm^lJC^fiEWIil^^aSlfT'yT'bi/ (preimprenat 

ion) tPfKn-S*»D°D?rS{jSU. C©7'y 

i'©s^-cae^i-r.sgi^Sp°nK:^§-tis WiEit^ 

vjtyvts mimmmim<omimmnt or mi 

fflt?$,5o cn6©iBiS«6*K*t^ivtB> Jim. 

©JfJ,^rS«3n-5©-C«>.5*5. *>v Sv;l/9^7 ^ 7^ 
>h?:5S<biBfeNM!*i^4il/rffli>?,Ji^K:«. §7^^^ 

\t, Cti6©-7;U5^7^7^>h?:«<'>-hi^K;MiS 

50 L-ctj<ci3!)5«^-c*s. ftm-rst. mmntL 



5 

l:$:i2|s(D-r'^r(D*S*Svf- t; 2; i7;:^CC®#LTli 

(*ccs« b T -^^ h y ;^ *J V ^ 5 y > h rtsp© 

jit/<i¥«:}ip Lit L -Clil8-r-5 :^ HISS. 

® -^A^^v Avjtyvix.im^^sm^^x. *©« 
m&tbxommm^mt. ^^tKoui^^imbtcy ^ 

Stints CiT-^-S. 

7 ^ 5^ > htcs^aws^:^. 1tSE;^j. af(*©aB» 

•3« ^^li-^/cOf s^. iiiNi-e©^>©*ia«$n^.if 
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■fh-smts.m>v -i ^p<> H5i±©^tftt^f#itc^5 A 
§p)(c, v;!'?^ ^ e'>> h©giJi}jnx(cfci,»-ci3:> 

10 <*iLT««©t^s&x*$,ot:4>7^7y>Hl±;J5^ 

<t*<*5fc«?). ±iBtte*©5^s«:j:-5rBcne)©3S*& 

,^ftK:fcW^»^3t,'^,p <b^0 UJLa-;u©jEJt,^.q i 

A©;'3*i®<, C©it. *&*gI5©^ffii«*^tl2.^E 
■7)V^y ^ ^jtybht(DmmicJ:-yX, ^^F,B0|g 

ffiffl s nsMSv^u?^ 7 ^ 7 y > h F. {CM 0 3!isa < r 
mm<Dw-im^fmtimm^s&bx\,^tc<DXiibi>. % 

^ftS©^{tKjSDt:v;i/?-7 ^ FF,©i?iiaii3g 

30 :^fe^S(CjS*fi^CorseSD<!:Zl^«3©<^'3i!»JS 
RW{c*E1*eci(c^c4©-C*5. fe^ife. C©J:^ 

»,^y-;^-©K;Pg-c4)40Tt,^SC 
<SK:^^IX'3B<i$-r«iigS©ttj!lr&or 

^(Dmmxmxim^iimmbi'jcthh-o 

yv%mmbtj:^ih^-r?>mmmi^. *^o$/c, isi 
a3j/cw^a©v;i/9^7 ^ y^yhimmbuijim^ 
maxmmwimty- \-icbtc*). $>i>\.^mmimm 

T 1 * 1 * o ii<- (cf* (>*r . L ^ (c^tf f— 



7 

7 ^ 7^ > h©lll^Mtffi?J^i:Baii<tSili«!iS{cj:^-C^ 

5k:7 ^ - F*|J9Pu^c3iS6t&*g|^*'e.^l^s^5'^?JSial«l& 

>h?:aT:*ri6l-^^Jtf'3CC»$-a-S{:<i:tCj:oT. CCD 
-7)1^7 A^jt'^l- ^m^ti V -(VJtyV =&i®:frioi{c 

i. :iimMtmmtti>-7)\^^y -< y h tit. fii^ 40 
{C*JW5v;U5^7-<7j'>h©^*'©63J^tft<l!i(C^ 50 
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-e©EiS©^;5^©ft?JsSs©^<*(ci:oT-<i 

■C. ifS?ife3S©«^^^*-tfUfe?)m!3£^Sfe^m 
>h©^*fi3. *jJ:i:;£:nK:5*-r-5^©aiKiHK:tt 

-< 7 ^ > h ©^^^spfit^riSfgs^fiX > -ews^ ©^^f 
6 !^c^,»gs©^^:^»€:#^r•^^-f i^jnc 
5^ 7 ^ 7 ^ > h ©^Ji«lC3^«:S>pf t i 5 ^ t ^ 

a©3E{i:K:eEg bxm^mic smKuzm*) t^mjic 

^ 7^ > h©i£MJ«iM«KJii©raJCfli< ?|5g^(cj; 
-Ci!rft©Slip (S twist) <bZM>3 (Z twist) ttiS. 

-y ■< - ]'imvmm$rii>'r}V9-y A y ^y hicML 
m^^mms-^x^m-^ji^y ^ > f j&^^so 

©:^-->'^'-7^-K^^SS•CSfealL/> C©J: ^ fcsfeii^sn 
?>-7;pg^7 Y •7^> h«:>ftL-c^SS'&ilja3ii^)CiK: 

my- h 5:Siiigri .■^.«:s-rs*5> *^ - ^mrnxm^m 

iM^^^xm-^mmy- biWkti>cti>ojmx$>i, 
-e^-rn«. ttjias©v;i.?7^7y>h©iiis^'- 
btimmmmic-^t^otcmm^wxib-ox. mm^i^ 
y \'mmy-- v . &wm(o-7f\^9y ^ 7 > > f ©§g§ 

b> FtlSlv'- F. ffSaS©-7;U?-7 ^ F©-& 

mmy- f ffiiM*s|gatf sctcffla.^ s n-c ^i* o fcs® 
•:fuymmy-\-^mt-ri>cti>-sjmxiSb*}, cn 
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immicmiytmmmmm. Fic,.3im^mm. Fig. 4 
m-fs^ti^hmc&kimm. m-^^ny ■<~iimm<D 10 

Fig.6»*f6??©m 2||Jfe3l^J8K:fflt» htli>mmt 

Fig.8~Fiq.lO»$^HJ(c*5l:f Sv;!/?^^ ^ h 

Fig.l2~Fig.l5W-7;l/5=-7 ^ f-©iaiS^^S:M 

Fiq.l6{**|BH^©ll3ilMJmffll^6nSI3ISigg 20 
?:«lB§e<)(C«*?-r«l1tffllJffiS. Fig.l7«l5l^fflE, Fig. 

^mmm. Fiq.2ot*igi&ifea-&©ffl!iBs. 
^wm^m.t>rmmmm. Fig.22«i5i¥ffiH. Fig. 

'pLWj'f^^rh^tm.^^m.is^-cwmi^ii ^ i 30 
Fiq.25o ( 1 ) tta^opani^- v<mm^mixtc\^ 
Fig.25© (2) \tm.ixrc^^mm-w\tbxm&L 

Fig.27»m3 wmm>im(o^msm<r>^m:m. 

hLfcifyy, 40 
Fi g . 28te J; O'Fi g . 29«^ 3 Jlife?^S8©i^S©P3ilJ5ll*© 

Fig.2teJ;iyfF1g.3K;^3txS, 
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^j'iy i>y H~^3' tiiCj^-yX—^ot-.'^-y^- 

v^mm!S.^tii>j;:'i(^m&mm^^i,'}-o my ■< 

fffflf^tR^imiS (llia:50tn/sec) K^^-T^CifCj; 

T> ^(DiimSD-7)V=f-y ^ =7;jtyvYixMhx^mi;^ 
tB^ofceR^l^^li. ^)Vyt.---< (Bernoum) OS** 

Y 7^ > h (c«ffifflij:&isi'vj£ggb J: ^ i-rsJi 

hK«:3i&J!('©*DA:-7;U5^:7 hF{*. (R 

?I®?B4 ©!»?in4i*a-5i®K:|i:^«:)^*i}-3i>fcnt: 

«|i'-hFSCC^C^©t?*-S. 

gn^. Fig.2fcJ:i>*Fig.3K:l!l|^^5P§liS'>-hS!!jS^ 
gJCfcl^ €.if&,^S|J 1 HiiZfmLU 2 ■e©*i*W1f (jR 

±ia•7P>^7.^-^^3fcJ;iyt>'^'f i'^.f-i^ 

3' «. fSjnfc h -.'7'P-;l'3li;J<hAO-Jl/32<!:©ra 
^ h F>S:3*^■eiIeJll^)■r•5.^>©■C* 
•5*1. -e-©j^»)jig«sJ<hAa-;U32©iaite#{c^$ 
nfcif-jJ<*-^f33©$ijai{cj:-9Ti)l2gfi-r*)D (Fi 

q.4#M) . C©1f-^-=e-ir33tt®g|)iW4{Cffg$ 

•7-<-3'3 • 3' MK:*^WS:t--'^*-7^-FS*^-S 

CC, *||]5gffJ^0Ctet,>r B, 7D>h:7-<-^3 ?:10in/ 
min^^jgiiSi Lrf^^©^i?fffl^-b>-9--*>6tU;^ 
3nS»lM#«:J:ot:. I0an©^l0^03&i*-r 
•2,J;^^$IJ®L, >'^••;/i7:7-^-:^3' ©itii2g«lOm/ 
min©©iKg:Str*S. ffeT^Sfc, h-?7"a-;U3i 

i ^ h A O - 32 i ©ES;'3 « h 7* P - ;U 31©|5|feW 
^^l^fii-r S i 7 y > 34tC J: o T aSiHfiii nJtltC 

i^cCoTl^S (F1g.4teJ;CifFig.5#M) . 

j^v >py t©ra©-7;l/9^7 ^ h FA^eS 
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F a:>^,W\m^m^ Ct<. fS:S7lcS!©ccD5 >42 > lo 
^L. S'JS§n/cffl©©lffl)ft-^5r±iB7 n > h ^ - y 

*l6?S©^2|liilJgS|-CS)5:&SiSgl«. Fiq.Sfo 20 

c o» 2 iisij^si*s±ias 1 HiSJ^SSiS^tS 
51- • • • ^v>^^^^lLt:!S.i>u-)i'mm^a^i><D 

HVjtyV? (S8E*->K>iSil:7y7 ^ hOl 
2,000*^ = 7Cl|ii^6(nm> TtJP^O.lmm) «. COd-JU 
^J51- 51- • • • (CifSOSfc^-CSMOTI^ • ±# • T 30 
1^. . . .-FT^.±#iTffllJo-Jl'5li±ffl!jO-il'51«: 

(Iff : $>]10nin> : i|i>)0.oaran) Sn^o 

ia?B4(cgi9jA^n4. ^bX. C©®?IH?I^4±<£^ 

? IP41tC*JW*|ilj$ : SOtn/sedR? I^K: J: o ■C®?IP41 

rt(c?Itixsnr^;^d:<3ic^ft3n. 'e-©it©S*;b 

=&«R!E-r-57 ^ 7^ > hii±ra©ig|!t«>Htcjiyc§n 

5^ > h F <!:©l^l?jSliM»J?:(gE^fc§-&S!R?l»S6«. 50 
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i&nn, m$ti^i^o.o^tm!sbxfmm<m^>^Si'S:'^ic 

•7)V^y A -7^ > h F3&5®?ia?lf 4©ii?!P4iK:*ji>t: 

im.mm^tii>^^^mmic-y{,^xii/imbxii^fc 
$-r. Fiq.8«> misp Ay^yvofk^i'mhmi' 

f>mf:>-oX\,^tj.{.^V]Wim.<D-7)\^^y ^ 7^ > h Ffc^ 

\t^^-?)i'^y 7^ > h F©Mffl'Kcli'3 jitfJ; ^K^5> 

F©E±©j)feji«:*:BS r 0 J tc^b< ^c^., 

bifthX. C©W^. agx*;U=t^-ttjgKr^5© 
-C. ■^;U3?--<©S;»> (1/2PC0* +F = const.) i 
^j:.5o J5:fe> ^ftP«iiS{*©gS. co«SSE{*©3lS. P 

±fB'^;U 5? - -< ©S*^ 6-7;U9'7^7^>hF ©K± 

i©M<i»P,>P.tJ&:0, ■7;l/9^7Y7y>hF©MiI 
K:*sitfiX7 V > h(c»iH:^iS]'^©ii:^>*5gli<. 

Fiq .9l*«JS7 ^ 5 y > h N±©S^*S?f!!*. HiiiJ&i 

h Ftc^As^^-rsi. ^mt^^-7)\'^y ■< y 

y > h©K±*'WC^-:>t:MiJ'^:»SK-r5 C itc/jrS 

-s-©^. wfl|J^c&a•rs^^©?ft^/£«fiS;7^5y 

icj:-yxmii^mtix\,^i>mmy -t hi©iB©s 
ISfi«:«lf<E*p,> -etr. ^(D^WL^W^x^tm^ 

7 -< ^ y > h ©^l-WJCCfifl < E^J P, ©Mf^«, Pi > Pz > P, 

i^co^ ^^omm(o^xm^i^'&^\^xmm^ 
yn^jiyy ic\t^mm^<mt>. ^m.<Dm^minx 

\.>xw^wmw\^fh. 

Fiq.llii, eR?iap4-C^ft$n/cv;b5^7^ 
h *© 1 *©fllRS;7 ^ -7 y > h fc<fc C;a. ?:0!IK: i o 



13 

/h3 < r J;t»©r*.5. C©*?:SiJ©fta*^6,#^l/t: 

©7 -f > h f (COl^raST'Si. C©7^-7^> 

©■r*o-c. Fifl.i4{c^-rc:i<« c©j:5{cL/tj^^ 

3©liaKj;f3^n8lj*^3i7S. -?-LT, ^©JS*. v 
nT89)<©-C^S (Fifl.15) , 

J;0'Fiq.l7(C7j^3n6. 
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T. *s*ti#RB. ililMSIiffl-y--#^:-^n©|g@li 
iia±K:aaWK:*^SIIi Diti(c3t3i: S hfc'^ 7 K 12 

i : C©--*: -;; Kl2©a®!iSIi^fg?:*(l(33)-r S ^ 5^-fe> 
f-- (l3a- 13b) i ; BUiB-^f Kl2©±{CE^$n, it 
ii^tf-*"^- ^i4a©iEjl!lifeic j; oTl&^gp 1 

S^i4©jliiatt?:tfg»-r^:^ hn-^42>-9-- (15 
10 a - 15b) i : miiBjf<"-;i/^^>'i4©|g8t)tcj;-5-rjiiiasti 

hF©ttB?r*^tbr.&»»;M4s*^m-fe>ifi5i isria 

^^$nSv;U5^:; ^ 7^ > h F©5S**a'JS^fflL/. 
F ©Sfc^ =SriijSiSlp-r 5 U - + ^- 3? la(C^>t b -CIO® 

<t#?r^gS[-r s«»^56*-b>-9-i7i 3&»?,«Bg 3 nr t» 

5 (Fig.l8~Fig.20#M) . 

^Lr. »S^*fi[g«ltti-fe>-9-i6*5^fc[iL-cW;^f ?, 

iiimmmt. *-;u^i^i4©jtiiffl-!^-^*-^'i4a'^ 

20 jMa^iar. l5lJ--sK*-5'i4a«:iiaK:iE*A:»ji!IS 

•y- (13a- 13b) ifihii1m1mi^'^^. ifi&*gui©jt 

hn-i'-fe>-9- (15a- 15b) ip 
30 7 ^ ■7^> h F©5S;^J^{b^^cilJS^^<!:-r^>vjU9^ 

7 ^ > h©iB^K:>tr5L//cB^-^©^-r*5©-c. 

C©^?:X3'-hBt(c8SL.T*}< CitCiO, ^&7?? 

m-^ R ©ij^.^gp 1 ^ ^if 3 n s ^f) ©*#:^ imm 

40 ^LT, c:©J:5)i|&7^.tS^R?:Sfflb/cCiKJ:i3. 
Se*^iie«)iiSis?)e.n'ri^/cFig.lCCfcH:f€.i^7f^a5 
1 ' ©affi-C©v;u?-7 ^ vji>h<DM^Ai>mi^b 

*KL-C. *&7i^^^R©ifS.^S|51*>6)SS'3tlfcv;U 
5^7 ^ 7^ > h F«. i^<i)l?gti1t5©a.-;U3»|Sl- 51 
- • • • ^aSCiCCioTlljJf^ -§#r»)?:iNIOigL 

50 4^m^ti>ct^ic-oxm2mmm^icis»i,m^t 
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■Ci9><®-r$)S. ^UMc. :l^mMBBicisiifi>imS^ 

©K? 4 ©^^fflS-b >•!^•44»-'^' ^ 7 ^ - 5C 3 • 
?:$ijai-r -5. j; ^> (CitiS L/ r 5> * ^ , 
C©Fig.21*J<J:C>'Fiq.22K0S^-r'2)gai^i^-hSljt$^ 

> n^±®g^*55ft$ •:.-t:iii:&(fi]'s(i¥cc^<i{!?S3n 

Citci-:)-r^3lllii?^mtet:t^J:0fe> MK-HIZ; 
l|isrll#©gaiii'- hFS*i?fP>nS©T&-7T> t/*>*> 

6.*I6B^©^5|66SJ^SI 
*»H^©II5^?I^M-C*i:frffiii^». Fiq.23tC 

C©m5j|JSJ^m. ±fBFiq.l2iC77^$nsm3*Jg 
0SI©Slg*±TK:3miEgLr. 01 El©®? I 

a?^«iffl©m. ±T 3 m.m^itcz < h * 

h5:tf j:^i-rife©-C*.^, 

BP%> 05^JUi5M©Pii^g». ±M ■ *S*J<i;0- 
T©©*&*S|51 • 1 • liPh. <!?^3n-CiS3l3 
nr<Sv;U9^:7^7y>hF, • F. • F, (i^<i<!l5aS1f 
5 • 5 • 5 5:ji-2.CitcJ:-7TV7 h Cc!S*SI<- Snt: 

;'3^W^=clll»fFffli©tB*fl«jPiilffffl^§WT. 

»< \m<D^mi^- h FS, • FS, • FS,tC^)fJtt]I$n 
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t^Tm2l9;Pi©Si?lla?§4K:j^e.n^c:iK:^cs. 112 

sii§©!R?ia?B4K:iiie,nfc««t*iS8©Piifii^-h (fs 

, ■ FS: • F5,) K®-C®?l^jjSiC^^UTIi,T73l^ 

||iS8'>- h FS, • FS: • FS,©S«fiE7 ^ > 

10 L^^b-C^ C©m5IIISm«©:^ffi(Cj;n«> v;U9^ 
7-f7y>h©iK®«:StR-rSC:i(cJ:-p-C. «l^©# 

So 

*j<J;crf|9:{c*jws§S©-7Ji'9^7 ^ > Hf, • f, • 

F,«§^©'^'f>iCfcWS^{i)SS*iiS5 • 5 • 55:3i 
miS^©®i?IISl?ll4 • 4 • 4?:ig*-rSCiK<i; 

oTij^ocri < . laisi^-. h fs. • fs, • ^%^^im 

20 *lFiq,24lCn^-rite'9> il>Lifi7?l^'^T ntft^Si, M 

2SP§©®?iatIi4K:*ji,^ r t § n 
5©-C> vJb5^7^7^>h©«S3itRtcJ:-,rt4t6*i 

Ofcilf «!l©l§iiE->- b C i *SpII8-r* S ( F1 

Q.25#M) . 

*/c> 0ig|i§©®5iia?i4 • 4 • 4<fcfj^iom3n 

•Smit^- h FS, • FS, • FS,*lFiq.26«:^-rJ:^&Mf 
|?|g«t®K:i^J3-B-C02 g»g©iR9l®j04 {C^A$ 1* 

n«rai«'>-hFs, • FS, • Fs,©ffl'Ji»sp:»*5it^-ftik 
L?cj2;*i©«^igiSS->- h ?:ff s c i *5nite-c* c 

30 ©Ji^K:tet»-cfc. v;U5^7^7-^>h©aS%i^fl5 

Fiq.27K:^-ry7 7«« *SM:^;-ii<>il«©7 y 7 ^ 
F-©12,ooa*^ (12K) *jj;i:fl56. 000*^(6 
K) tcoi,ir*^g{cJ:SPgig^*?:jS'JSbt:^L//c^ 

40 ©r*!), ^C4i> Fiq.27*«;a)~®©§i^T}g^-r5*> 

©«> ;x©ite»3-cS)-s. 

®*-jJ^>ii6MI^ 12K a-;H3iim©i|ii lOtm ^ 

Smm 

©*-*>il«l^ 12K P-;^gg«^^©lfi lOmm ^ 
ernrn 

Q)*-jK>i^m 12K n-;H8«S!fi©iPi lOmm » 
<?>S 4(nni 

®*-*">iSftiffi^ 6K a-;ug3iilf^©i|ii Smm ^ 
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